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SYSTEMS AND METHODS FOR NOTE 
RECOGNITION 

TECHNICAL FIELD 

The present disclosure relates to note capturing, recogni 
tion, extraction, and/or management tools and systems. 

BACKGROUND 

Notes have been broadly used in recording, sharing, and 
communicating ideas and information. For example, during a 
collaboration session (e.g., brainstorming session), partici 
pants write down ideas on Post-ItR notes, whiteboard, or 
paper, and then share with one another. In addition, people 
commonly use notes throughout the day to memorialize 
information or content which the individual does not want to 
forget. As additional examples, people frequently use notes as 
reminders of actions or events to take in the future, such as to 
make a telephone call, revise a document or to fill out a time 
sheet. 
On many situations, people would traditionally write down 

the appropriate information on paper-based notes, such as 
Post-ItR notes. Paper Post-ItR notes are simply removed 
from a dispenserpad of sticky-back paper Post-ItR notes, and 
are applied to various Surfaces such as documents, the tops of 
desks, telephones, or the like. Information can be written on 
paper Post-ItR notes either before or after the paper Post-ItR) 
notes are detached from their dispenser pad or attached to 
their target surfaces. Paper Post-ItR notes can be easily 
moved from one surface to another, Such as between docu 
ments or between documents and the tops of desks, they can 
overlap edges or boundaries of documents, they can be lay 
ered, and they can be moved with the objects to which they are 
attached. 

SUMMARY 

At least some aspects of the present disclosure feature a 
method of collecting content of notes, comprising the steps 
of capturing, by a sensor, a visual representation of a scene 
having a plurality of notes; recognizing, by a processing unit, 
one of the plurality of notes from the visual representation; 
and extracting, by the processing unit, content of the one of 
the plurality of notes. 

At least some aspects of the present disclosure feature a 
note recognition system including a sensor, a note recognition 
module, and a note extraction module. The sensor is config 
ured to capture a visual representation of a scene having a 
plurality of notes. The note recognition module is coupled to 
the sensor. The note recognition module is configured to 
receive the captured visual representation and determine a 
general boundary of one of the plurality of notes from the 
captured visual representation. The note extraction module is 
configured to extract content of the one of the plurality of 
notes from the captured visual representation based on the 
determined general boundary of the one of the plurality of 
notes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings are incorporated in and con 
stitute a part of this specification and, together with the 
description, explain the advantages and principles of the 
invention. In the drawings, 
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2 
FIG. 1A is a representation illustrating one example of a 

user capturing an image of a workspace with notes using an 
image capture device on a mobile device; 

FIG. 1B is a block diagram illustrating one example of a 
mobile device; 

FIG. 1C illustrates an embodiment of a note recognition 
system; 

FIG. 1D illustrates an embodiment of a note management 
system; 

FIGS. 2A-2C illustrate some examples of notes having 
marks; 

FIG. 3A illustrates a flow diagram of an embodiment of a 
note recognition and/or management system; 

FIG. 3B illustrates a flow diagram of an embodiment of 
extracting content of notes; 

FIG. 3C illustrates a flow diagram of an embodiment of 
authenticating a note; 

FIGS. 4A-4D illustrate an example of content extraction 
process of a note with a mark; 

FIGS. 5A-5D illustrate an embodiment of content extrac 
tion of a plurality of notes with retroreflective marks; 

FIG. 6 illustrates a module diagram of an embodiment of a 
note recognition system; 

FIG. 7A illustrates a flow diagram of an embodiment of a 
note management system; 

FIG. 7B illustrates examples of how a system may label a 
note; and 

FIG. 8 illustrates a module diagram of an embodiment of a 
note management system. 

DETAILED DESCRIPTION 

Notes have been broadly used in recording, sharing, and 
communicating ideas and information. For example, during a 
collaboration session (e.g., brainstorming session), partici 
pants write down ideas on Post-ItR notes, whiteboard, paper, 
and then share with one another. At least Some aspects of the 
present disclosure are directed to systems and methods of 
capturing multiple notes and extracting content of notes. In 
Some embodiments, at least some of the notes include a mark 
to facilitate the recognition and extraction of the notes. In 
Some cases, the notes are captured and identified/recognized 
in one visual representation of a scene. A visual representa 
tion of a scene, for example, can be a digital photograph of 
note(s) and the Surrounding environment. Further, at least 
Some aspects of the present disclosure are directed to systems 
and methods of managing multiple notes, such as storing and 
retrieving the notes, categorizing and grouping the notes, or 
the like. In some cases, the note management system can 
improve the efficiency in capturing and extracting note con 
tent from a large number of notes. In addition, the note man 
agement system can improve the efficiency in grouping and 
managing notes. 

Notes can include physical notes and digital notes. Physi 
cal notes generally refer to objects with a general boundary 
and recognizable content. Physical notes can include the 
resulting objects after people write, draw, or enter via other 
type of inputs on the objects, for example, paper, white board, 
or other objects accepting the inputs. By way of examples, 
physical notes can include hand-written Post-ItR notes, 
paper, or film, white-board with drawings, posters, and signs. 
In some cases, one object can include several notes. For 
example, several ideas can be written on a piece of poster 
paperora white-board. In some implementations, to facilitate 
the recognition of these notes, marks, such as lines, markers, 
Stickers, can be applied to the edges of the notes. Physical 
notes can be two-dimensional or three dimensional. Physical 
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notes can have various shapes and sizes. For example, a 
physical note may be a 3 inchesX3 inches note; a physical note 
may be a 26 inchesX39 inches poster, and a physical note may 
be a triangle metal sign. In some cases, physical notes have 
known shapes and/or sizes. Digital notes generally refer to 
digital objects with information and/or ideas. Digital notes 
can be generated using digital inputs. Digital inputs can 
include, for example, keyboards, touch screens, digital cam 
eras, digital recording devices, stylus, digital pens, or the like. 

In some cases, notes are used in a collaboration space. 
Collaboration space generally refers to a gathering area 
allowing more than one person to share ideas and thoughts 
with each other. The collaboration space can include virtual 
space allowing a group of persons to share ideas and thoughts 
remotely, besides the gathering area. 

FIG. 1A illustrates an example of a note recognition envi 
ronment 10. In the example of FIG. 1A, environment 10 
includes a mobile device 15 to capture and recognize one of 
more notes 22 from a workspace 20. As described herein, 
mobile device provides an execution environment for one or 
more software applications that, as described, can efficiently 
capture and extract note content from a large number of 
physical notes, such as the collection of notes 22 from work 
space 20. In this example, notes 22 may be the results of a 
collaborative brainstorming session having multiple partici 
pants. As described, mobile device 15 and the software 
executing thereon may perform a variety of note-related 
operations, including automated creation of digital notes rep 
resentative of physical notes 22 of workspace 20. 

In the example implementation, mobile device 15 includes, 
among other components, an image capture device 18 and a 
presentation device 28. In addition, although not shown in 
FIG. 1A, mobile device 15 may include one or more proces 
sors, microprocessors, internal memory and/or data storage 
and other electronic circuitry for executing software or firm 
ware to provide the functionality described herein. 

In general, image capture device 18 is a camera or other 
component configured to capture image data representative of 
workspace 20 and notes 22 positioned therein. In other words, 
the image data captures a visual representation of an environ 
ment, such as workspace 20, having a plurality of visual 
notes. Although discussed as a camera of mobile device 15, 
image capture device 18 may comprise other components 
capable of capturing image data, Such as a video recorder, an 
infrared camera, a CCD (Charge Coupled Device) array, a 
laser Scanner, or the like. Moreover, the captured image data 
can include at least one of an image, a video, a sequence of 
images (i.e., multiple images taken within a time period and/ 
or with an order), a collection of images, or the like, and the 
term input image is used hereinto refer to the various example 
types of image data. 

Presentation device 28 may include, but not limited to, an 
electronically addressable display, Such as a liquid crystal 
display (LCD) or other type of display device for use with 
mobile device 28. In some implementations, mobile device 
15 generates the content to display on presentation device 28 
for the notes in a variety of formats, for example, a list, 
grouped in rows and/or column, a flow diagram, or the like. 
Mobile device 15 may, in Some cases, communicate display 
information for presentation by other devices, such as a tablet 
computer, a projector, an electronic billboard or other exter 
nal device. 
As described herein, mobile device 15, and the software 

executing thereon, provide a platform for creating and 
manipulating digital notes representative of physical notes 
22. For example, in general, mobile device 15 is configured to 
process image data produced by image capture device 18 to 
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4 
detect and recognize at least one of physical notes 22 posi 
tioned within workspace 20. In some examples, the mobile 
device 15 is configured to recognize note(s) by determining 
the general boundary of the note(s). After a note is recog 
nized, mobile device 15 extracts the content of at least one of 
the one or more notes, where the content is the visual infor 
mation of note 22. 
As further described below, mobile device 15 may imple 

ment techniques for automated detection and recognition of 
physical notes 22 and extraction of information, content or 
other characteristics associated with each of the physical 
notes. 

In the example of FIG. 1A, mobile device 15 is illustrated 
as a mobile phone. However, in other examples, mobile 
device 15 may be a tablet computer, a personal digital assis 
tant (PDA), a laptop computer, a media player, an e-book 
reader, a wearable computing device (e.g., a watch, eyewear, 
a glove), or any other type of mobile or non-mobile comput 
ing device Suitable for performing the techniques described 
herein. 
FIG.1B illustrates a block diagram illustrating an example 

of a mobile device that operates in accordance with the tech 
niques described herein. For purposes of example, the mobile 
device of FIG. 1B will be described with respect to mobile 
device 15 of FIG. 1A 

In this example, mobile device 15 includes various hard 
ware components that provide core functionality for opera 
tion of the device. For example, mobile device 15 includes 
one or more programmable processors 70 configured to oper 
ate according to executable instructions (i.e., program code), 
typically stored in a computer-readable medium or data Stor 
age 68 such as static, random-access memory (SRAM) device 
or Flash memory device. I/O 76 may include one or more 
devices, such as a keyboard, camera button, power button, 
Volume button, home button, back button, menu button, or 
presentation device 28 as described in FIG. 1A. Transmitter 
72 and receiver 74 provide wireless communication with 
other devices. Such as cloud server 12, computer system 14, or 
other mobile device 16 as described in FIG. 1A, via a wireless 
communication interface as described in FIG. 1A, such as but 
not limited to high-frequency radio frequency (RF) signals. 
Mobile device 15 may include additional discrete digital logic 
or analog circuitry not shown in FIG. 1B. 

In general, operating system 64 executes on processor 70 
and provides an operating environment for one or more user 
applications 77 (commonly referred to “apps'), including 
note management application 78. User applications 77 may, 
for example, comprise executable program code stored in 
computer-readable storage device (e.g., data storage 68) for 
execution by processor 70. As other examples, user applica 
tions 77 may comprise firmware or, in Some examples, may 
be implemented in discrete logic. 

In operation, mobile device 15 receives input image data 
and processes the input image data in accordance with the 
techniques described herein. For example, image capture 
device 18 may capture an input image of an environment 
having a plurality of notes, such as workspace 20 of FIG. 1A 
having of notes 22. As another example, mobile device 15 
may receive image data from external sources, such as cloud 
server 15, computer system 14 or mobile device 16, via 
receiver 74. In general, mobile device 15 stores the image data 
in data storage 68 for access and processing by note manage 
ment application 78 and/or other user applications 77. 
As shown in FIG. 1B, user applications 77 may invoke 

kernel functions of operating system 64 to output a graphical 
user interface (GUI) 79 for presenting information to a user of 
mobile device. As further described below, note management 
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application 78 may construct and control GUI 79 to provide 
an improved electronic environment for generating and 
manipulating corresponding digital notes representative of 
physical notes 22. 

To better understand the present disclosure, FIG. 1C illus 
trates an embodiment of a note recognition system 100A. The 
system 100A can include a processing unit 110, one or more 
notes 120, a sensor 130, and note content repository 140. The 
processing unit 110 can include one or more processors, 
microprocessors, computers, servers, and other computing 
devices. The sensor 130, for example, an image sensor, is 
configured to capture a visual representation of a scene hav 
ing the one or more notes 120. The sensor 130 can include at 
least one of a camera, a video recorder, an infrared camera, a 
CCD (Charge Coupled Device) array, a scanner, or the like. 
The visual representation can include at least one of animage, 
a video, a sequence of images (i.e., multiple images taken 
within a time period and/or with a order), a collection of 
images, or the like. The processing unit 110 is coupled to the 
sensor 130 and configured to receive the visual representa 
tion. In some cases, the processing unit 110 is electronically 
couple to the sensor 130. The processing unit 110 is config 
ured to recognize at least one of the one or more notes 120 
from the visual representation. In some embodiments, the 
processing unit 110 is configured to recognize note(s) by 
determining the general boundary of the note(s). After a note 
is recognized, the processing unit 110 extracts the content of 
the note. In some cases, the processing unit 110 is configured 
to recognize and extract the content of more than one note 
from a visual representation of a scene having those notes. 

In some cases, the processing unit 110 can execute soft 
ware or firmware stored in non-transitory computer-readable 
medium to implement various processes (e.g., recognize 
notes, extract notes, etc.) for the system 100A. The note 
content repository 140 may run on a single computer, a server, 
a storage device, a cloud server, or the like. In some other 
cases, the note content repository 140 may run on a series of 
networked computers, servers, or devices. In some imple 
mentations, the note content repository 140 includes tiers of 
data storage devices including local, regional, and central. 
The notes 120 can include physical notes arranged orderly or 
randomly in a collaboration space and the sensor 130 gener 
ates a visual representation of the notes 120 in the collabora 
tion space. 

In some embodiments, at least some of the one or more 
notes 120 include a mark, which can facilitate the identifica 
tion, recognition, and/or authentication of a note. In some 
embodiments, a mark includes at least one of a barcode, a 
color block, a color code, a fiduciary mark, a trademark logo, 
a dot, a hole, and the like. The shape and/or color of the note 
itself may be used as the mark to facilitate the identification, 
recognition, and/or authentication of a note. In some cases, 
the mark can include a plurality of elements arranged in 
certain patterns, for example, fiduciary marks at four corners 
of a rectangular note. In some other cases, the mark can 
include a plurality of elements, where at least some elements 
are non-visible elements that can be used to provide authen 
tication information, for example, RFID (radio frequency 
identification) tags. By way of example, a mark can be made 
using at least one of a retroreflective material, an optically 
variable ink, a colored ink, infrared absorbing ink, fluorescent 
ink, watermark, glossy material, iridescent material, multi 
layer optical film, colloidal crystals, perforated marks, struc 
tured color, floating image, window thread, or the like. In 
Some embodiments, the processing unit 110 first recognizes 
the mark on a note from a visual representation, determines 
the location of the mark on the visual representation, and then 
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6 
extracts the content of the note based on the recognized mark. 
In some cases, the processing unit 110 extracts the content of 
the note based upon the recognized mark, a known shape of 
the note, and a known relative position of the mark on the 
note. In some implementations, the processing unit 110 
extracts the content of the note from the visual representation 
in real-time (i.e., process the data in a transitory storage) 
without storing the visual representation in a non-transitory 
Storage. 

In some implementations, the note recognition system 
100A can include a presentation device (not shown in FIG. 
1C) to show to the user which notes are recognized and/or 
which notes content have been extracted. Further, the note 
recognition system 100A can present the extracted content 
via the presentation device. In some embodiments, the pro 
cessing unit 110 can authenticate a note before extracting the 
content of the note. If the note is authenticated, the content 
will be extracted and stored in the note content repository 
140. In some cases, the processing unit can extract the authen 
tication information from the mark on the note. In Such cases, 
the authentication information can be visible or non-visible 
on the mark. For example, the mark on a note can include a 
symbol, for example, a company logo, a matrix code, a bar 
code, a color code, or the like. As another example, the mark 
on the note can include a tag to store information that can be 
retrieved by a suitable reader. For example, the mark can 
include a RFID tag, a near field communication (NFC) tag, or 
the like. 

In some embodiments, the sensor 130 can generate a first 
visual representation of a scene having several notes 120, for 
example, taking a photograph or a video clip of the notes with 
the Surrounding environment. Each of the notes has a mark. 
The processing unit 110 identifies the marks, determines the 
location of the marks, and uses the location of the marks to 
control the sensor 130 to generate a second visual represen 
tation of the scene having the notes 120, for example, taking 
a Zoomed-in image of the notes. The processing unit 110 can 
further recognize and extract content of notes from the second 
visual representation. 

FIG. 1D illustrates an embodiment of a note management 
system 100B. In this embodiment, the note management sys 
tem 100B includes processing unit 110, one or more notes 
120, one or more note sources 150, and a note content reposi 
tory 140. In some cases, the system 100B includes a presen 
tation device 160. The processing unit 110, the notes 120, and 
the note content repository 140 are similar to the components 
for the note recognition system 100A as illustrated in FIG. 
1A. The note sources 150 can include sources to provide 
content of physical notes, such as a visual representation of a 
scene having one or more notes, and sources to provide con 
tent of digital notes, such as a data stream entered from a 
keyboard. In some embodiments, the note management sys 
tem 100B includes a first source and a second source, and the 
first source is a visual representation of a scene having one or 
more notes 120. The first source and the second source are 
produced by different devices. The second source includes at 
least one of a text stream, an image, a video, a file, and a data 
entry. The processing unit 110 recognizes at least one of the 
notes from the first source and extracts the content of the note, 
as discussed in the note recognition system 100A. In some 
cases, the processing unit 110 labels the note with a category. 
The processing unit 110 can label a note based on its specific 
shape, color, content, and/or other information of the note. 
For example, each group of note can have a different color 
(e.g., red, green, yellow, etc.). In some cases, a note 120 can 
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include mark that has one or more elements and the process 
ing unit 110 can label the note based on information extracted 
from the mark. 

In some embodiments, the note management system 100B 
can include one or more presentation devices 160 to show the 
content of the notes 120 to the user. The presentation device 
160 can include, but not limited to, an electronically addres 
sable display, such as a liquid crystal display (LCD), a tablet 
computer, a projector, an electronic billboard, a cellular 
phone, a laptop, or the like. In some implementations, the 
processing unit 110 generates the content to display on the 
presentation device 160 for the notes in a variety of formats, 
for example, a list, grouped in rows and/or column, a flow 
diagram, or the like. 

Various components of the note recognition system and 
note management System, such as processing unit, image 
sensor, and note content repository, can communicate via a 
communication interface. The communication interface 
includes, but not limited to, any wired or wireless short-range 
and long-range communication interfaces. The short-range 
communication interfaces may be, for example, local area 
network (LAN), interfaces conforming to a known commu 
nications standard, such as Bluetooth standard, IEEE 802 
standards (e.g., IEEE 802.11), a ZigBee or similar specifica 
tion, such as those based on the IEEE 802.15.4 standard, or 
other public or proprietary wireless protocol. The long-range 
communication interfaces may be, for example, wide area 
network (WAN), cellular network interfaces, satellite com 
munication interfaces, etc. The communication interface may 
be either within a private computer network, such as intranet, 
or on a public computer network, such as the internet. 

FIGS. 2A-2C illustrate some examples of notes having 
marks. As illustrated in FIG. 2A, the mark on the note 200A 
has two elements, element 210A and element 220A. The 
elements 210A and 220A can have different size, shape, 
relative position and/or material composition. For example, 
element 210A is a barcode as an identifier for the note and 
element 220A is a small rectangle of retro-reflective ink that 
can be used to determine the boundary of the note. As illus 
trated in FIG. 2B, the mark on the note 200B can have four 
elements 210B, 220B, 230B, and 240B. The four elements 
may have similar or different sizes, shapes, and material 
compositions. The mark can be used to recognize the size, 
location, orientation, distortion, and other characteristics of 
the note, which can be used in content extraction and 
enhancement. As illustrated in FIG. 2C, the mark on the note 
200C has one element 210C. The note 200C has a non 
rectangular shape. In some embodiments, the element 210C 
includes an identifier, for example, to identify the types and 
the grouping for a note. In some cases, the identifier is a 
unique identifier. 

FIG. 3A illustrates a flow diagram of an embodiment of a 
note recognition and/or management system. Initially, the 
system captures a visual representation of plurality of notes 
(step 310A). In some embodiments, the notes are physical 
notes and it is more efficient to capture more than one note at 
a time. Next, the system recognizes one of the plurality of 
notes from the visual representation (step 320A). For 
example, the system can recognize a specific mark on a note 
and Subsequently determine the general boundary of the note. 
The system extracts content of the one of the plurality of notes 
(step 330A). In some embodiments, the system can apply 
image transformation to at least part of the visual representa 
tion before extracting content. In some other embodiments, 
the system can apply image enhancement or other image 
processing technique to improve the quality of the extracted 
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8 
content. In yet other embodiments, the system can further 
recognize text and figures from the extracted content. 

FIG. 3B illustrates a flow diagram of an embodiment of 
extracting content of notes. First, a visual representation is 
received by the system (step 310B). The system recognizes a 
mark on a note from the visual representation (step 320B). 
After the position and/or shape of the mark is determined, the 
system may optionally perform geometric correction and 
cropping to the visual representation (step 330B). Based on 
the recognized position and/or shape of the mark on the note, 
the general boundary of the note is recognized on the visual 
presentation (step 340B). In some embodiments, the system 
may receive two visual representations of the same set of 
notes, where each of the notes has a mark. The first visual 
representation is taken using a light source Suitable to capture 
the marks on the notes. For example, the light source can be 
infrared light for marks using infrared sensitive ink. The 
marks are recognized in the first visual representation and the 
positions of the marks are determined. The second visual 
representation can capture the set of notes and the system can 
determine the general boundary of each note based on its 
mark respectively. After the general boundary of a note is 
determined, the system extracts the content of the note (step 
350B). For example, where the visual representation is an 
image, the system may crop the image according to the deter 
mined general boundary of the note. Optionally, the system 
may enhance the content of the note (step 360B), for example, 
by changing the contrast, brightness, and/or using other 
image processing techniques. In some cases, the system may 
update the note with a status indicating its content extracted. 

FIG. 3C illustrates a flow diagram of an embodiment of 
authenticating a note. First, obtain an authentication signal 
from a note or a stack of notes (step 310C). In one embodi 
ment, the authentication information is a visual component 
(e.g., a hologram) of a mark on a note and the authentication 
signal can be obtained by extracting the visual component 
from a visual representation capturing the note. In another 
embodiment, the authentication information is contained in 
an electronic component (e.g., a RFID tag) of a mark on a note 
and the authentication signal can be obtained using a suitable 
reader (e.g., a RFID reader). Next, the system verifies the 
authentication signal (step 320C). The system can start the 
note management application or use the note(s) if the note(s) 
are authenticated (step 330C). 

FIGS. 4A-4D illustrate an example of content extraction 
process of a note with a mark. First, as illustrated in FIG. 4A, 
a visual representation 400 of a note 410 is captured. The note 
410 has a mark 420, which can be a barcode, a color code, a 
matrix code, a color block, or the like. Next, as illustrated in 
FIG. 4B, the system determines the general boundary 430 of 
the mark on the visual representation and recognizes the mark 
420. In some cases, the note 410 may be slanted in the visual 
representation 400, as illustrated in FIG. 4C. In some other 
cases, the visual representation 400 may be taken with geo 
metric distortion. The system may use the determined general 
boundary of the mark 420 or a portion of the mark 420 to 
determine the necessary image transformation and correction 
to the visual representation 400 to obtain the note content. 
FIG. 4D illustrates that the system extracts the content of the 
note 410 after the previous analysis and/or image processing. 

FIGS. 5A-5D illustrate an embodiment of content extrac 
tion of a plurality of notes with retroreflective marks. A note 
recognition/management system receives a visual represen 
tation 500A, which captures three notes 510A, and each note 
510A has a mark 520 has two elements—two retroreflective 
rectangular tags at upper left and lower bottom corners. 
Because of the optical property of the retroreflective material, 
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the mark520 is substantially brighter than the rest of the note. 
FIG. 5B illustrates the marks 520 are much brighter than the 
notes 510A and the background. In some embodiments, the 
system may use image processing to transform the visual 
representation of 500A as illustrated in FIG. 5A to 500B as 
illustrated in FIG. 5B. In some alternative embodiments, the 
system may generate another visual representation 500B of 
the three notes 510A with a different light source, for 
example, a flash light. The system can easily identify the 
marks 520 from the visual representation 500B. After the 
marks 520 are identified, the system can extract the content of 
the notes 510C, as illustrated in FIG. 5C. In some cases, the 
System may use image processing technique (e.g., adaptive 
histogram equalization) to enhance the extracted content 
510D, as illustrated in FIG.5D. 

FIG. 6 illustrates a module diagram of an embodiment of a 
note recognition system 600. In the embodiment as illus 
trated, the system 600 includes a note capturing module 620, 
a note recognition module 630, and a note extraction module 
640. Various components of the note recognition system 600 
can be implemented by one or more computing devices, 
including but not limited to, circuits, a computer, a processor, 
a processing unit, a microprocessor, and/or a tablet computer. 
In some cases, various components of the note recognition 
system 600 can be implemented on a shared computing 
device. Alternatively, a component of the system 600 can be 
implemented on multiple computing devices. In some imple 
mentations, various modules and components of the system 
600 can be implemented as software, hardware, firmware, or 
a combination thereof. In some cases, various components of 
the note recognition system 600 can be implemented in soft 
ware or firmware executed by a computing device. Addition 
ally, various components of the system 600 can communicate 
via or be coupled to via a communication interface, for 
example, a wired or wireless interface. The note capturing 
module 620 is configured to capture a visual representation of 
a plurality of physical notes. In some embodiments, the note 
capturing module 620 includes an image sensor. The note 
recognition module 630 is coupled to the note capturing mod 
ule 620, the note recognition module is configured to receive 
the captured visual representation and determine a general 
boundary of one of the plurality of physical notes from the 
captured visual representation. In some cases, the note rec 
ognition module 630 is configured to create a digital note 
representative the recognized physical note. The note extrac 
tion module 640 is configured to extract content of the one of 
the plurality of notes from the captured visual representation 
based on the determined general boundary of the one of the 
plurality of notes. In some cases, the note extraction module 
640 is configured to associate the extracted content with the 
corresponding digital note. 

In some embodiments, the note recognition system 600 
includes a note authentication module 650 configured to 
authenticate the plurality of notes. In some cases, at least 
some of the plurality of notes have a mark. The mark can be 
used to facilitate the recognition, extraction and authentica 
tion of the note. For example, the note authentication module 
650 can obtain an authentication signal from a mark of a note 
and verify the authentication based on the authentication 
signal. In some cases, the note authentication module 650 is 
coupled to the note recognition module 630 and provides the 
authentication information to the note recognition module 
630. In some embodiments, the note recognition module 630 
and the note extraction module 640 can perform the steps 
illustrated in FIG. 3B and in the relevant discussions. 

In some embodiments, a note recognition/management 
system may use multiple recognition algorithms to recognize 
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10 
notes and extract notes content, Such as color recognition, 
shape recognition, and pattern recognition. For example, the 
system may use color spaces such as the RGB, HSV. 
CIELAB, etc. to identify regions of interest corresponding to 
the notes for color recognition. In some cases, the notes are 
further distinguished in their shape and due to the presence of 
unique patterns detected by shape recognition (e.g., Hough 
transform, shape context, etc.) and pattern recognition algo 
rithms (e.g., Support Vector Machine, cross-correlation, tem 
plate matching, etc.) respectively. These algorithms help filter 
out unwanted objects in the visual representation or other 
Sources of notes content and leave only those regions of 
interest corresponding to the notes. 

In an embodiment, a note may include a mark made using 
fluorescent materials, such as printable inks or coatable dyes. 
For example, a fiducial mark Such as a logo can be printed in 
fluorescent ink on the writing Surface of a note. An appropri 
ate light source would excite the fluorescent material. For 
example, a white LED (light emitting diode) of a mobile 
handheld device may be able to excite the fluorophore using 
the significant blue wavelength component of the LED output 
spectrum. In one embodiment, a fluorescent dye can be 
coated on the writing surface of the notes or included in the 
materials making the notes. In this embodiment, the fluores 
cent dye can provide not only verification of a branded prod 
uct but can also improve the contrast between the written 
information on the note and the background of the note itself. 
Such mark can facilitate the recognition and segmentation of 
notes on a visual representation produced by an image sensor. 
In the cases of notes made from paper with fluorescent dye, 
the captured visual representation may have better readabil 
ity. Depending on the excitation wavelength range and the 
fluorescing wavelength range for the fluorescent materials, 
additional optical equipment, such as a filter, may be used 
together with an image sensor (e.g., a camera) to improve 
detection. 

FIG. 7A illustrates a flow diagram of an embodiment of a 
note management system. First, the system receives a plural 
ity of notes from multiple sources (step 710A). For example, 
the note management system may receive a set of images of a 
number of notes from a camera or a Smartphone and receive 
another set of images of a number of notes taken from a 
remote location. As another example, the note management 
system may receive a visual representation (e.g., a video) of a 
number of notes taken by a video recording device and a text 
stream of notes that is entered via a laptop. In some embodi 
ments, the multiple sources are sources of notes content 
taken from different devices, for example, cameras, Scanners, 
computers, etc. Then, the system recognizes one of the plu 
rality of notes (step 720A). In some cases, the system creates 
digital notes representative of the one of the plurality of 
physical notes, The system extracts content of the plurality of 
notes (step 730A). In some cases, the system associates the 
extracted content with the corresponding digital notes repre 
sentative of physical notes. In some embodiments, some 
notes include marks (e.g., color block, color code, barcode, 
etc.) on the note and one source of notes is a visual represen 
tation of Some of the notes. In some cases, the recognizing 
step includes recognizing marks on the notes from the visual 
representation and then determines the general boundaries of 
the notes based on the recognized marks. In some of these 
cases, the extracting step includes extracting the content 
based upon the recognized marks, known shapes of the notes, 
and known relative positions of the marks on the notes. After 
the content of the plurality of notes is extracted, in some 
cases, the system may associate each of the plurality of digital 
notes with a unique identifier (step 740A). The system may 
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label each of the plurality of digital notes with a category (step 
750A). The labeling step is discussed in more details below. 
Additionally, the system may first authenticate the notes 
before recognizing the notes. Optionally, the system may 
present the content of the plurality of notes on a display (step 
760A). In some embodiments, the system may present the 
extracted content of the plurality of notes with an output field 
indicating the categories of the notes. In some implementa 
tions, the system may use the category information of the 
digital notes in presenting the digital notes (e.g., show the 
notes in one category in a group). 

FIG. 7B illustrates examples of how a system may labela 
digital note. In one embodiment, a note management system 
can label a note based on a detected signal (710B). For 
example, a note can have a mark including a barcode; the 
system can read the barcode and label the note based on the 
barcode. In some cases, the system can label a note based on 
a recognized mark (720B). For example, the mark can include 
an icon, logo, or other graphical symbol indicating a particu 
lar group. The system may further label a note based on its 
content (730B). In some cases, the system may label a noted 
based on historical data and/or predictive modeling (740B). 
In Some other cases, the system may labela note by user input 
(750B). A note management system can use one or more 
approaches to label a note. The system may also use other 
approaches to label a note that are not listed in FIG. 7B, for 
example, label a note based on the shape of the note. Further, 
in Some cases, a note may be associated with more than one 
category. 

FIG. 8 illustrates a module diagram of a note management 
system 800. In the embodiment as illustrated, the system 800 
includes one or more note sources 820, a note recognition 
module 830, a note extraction module 840, and a note labeling 
module 860. Various components of the note management 
system 800 can be implemented by one or more computing 
devices, including but not limited to, circuits, a computer, a 
processor, a processing unit, a microprocessor, and/or a tablet 
computer. In some cases, various components of the note 
management system 800 can be implemented on a shared 
computing device. Alternatively, a component of the system 
800 can be implemented on multiple computing devices. In 
Some implementations, various modules and components of 
the system 800 can be implemented as software, hardware, 
firmware, or a combination thereof. In some cases, various 
components of the note management system 800 can be 
implemented in Software or firmware executed by a comput 
ing device. Additionally, various components of the system 
800 can communicate via or be coupled to via a communica 
tion interface, for example, a wired or wireless interface. The 
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In some embodiments, the note management system 800 

includes a note authentication module 850 is configured to 
authenticate the plurality of notes. In some cases, at least 
some of the plurality of notes have a mark. The mark can be 
used to facilitate the recognition, extraction and authentica 
tion of the note. For example, the note authentication module 
850 can obtain an authentication signal from a mark of a note 
and verify the authentication based on the authentication 
signal. In some cases, the note authentication module 850 is 
coupled to the note recognition module 830 and provides the 
authentication information to the note recognition module 
830. In some embodiments, the note recognition module 830 
and the note extraction module 840 can perform the steps 
illustrated in FIG. 3B and in the relevant discussions. In some 
embodiments, the note labeling module 860 can use one or 
more labeling approaches illustrated in FIG. 7B and in the 
relevant discussions. In some cases, a note may be associated 
with more than one category. 

In some embodiments, the note management system 800 
may include a note presentation module 870, which is con 
figured to gather content of the plurality of digital notes and 
present at least part of the plurality of notes according to the 
category of the notes. For example, the note presentation 
module 870 can organize the plurality of digital notes into 
groups that have the same category. As another example, the 
note presentation module 870 can add connection lines and/or 
arrows of different groups of digital notes. 

EXEMPLARY EMBODIMENTS 

Embodiment 1 

A method of collecting content of notes, comprising: 
capturing, by a sensor, a visual representation of a scene 

having a plurality of physical notes, each of the physical notes 
having a predefined boundary and recognizable content 
thereon; 

recognizing, by a processing unit, one of the plurality of 
physical notes from the visual representation; and 

extracting, by the processing unit, the recognizable content 
of the one of the plurality of physical notes. 

Embodiment 2 

The method of Embodiment 1, wherein at least one of the 
plurality of physical notes comprises a mark. 

Embodiment 3 

The method of Embodiment 2, wherein the mark com 
prises at least one of a barcode, a color block, a color code, a 
pattern, a fiduciary mark, a trademark logo, a dot, and a hole. 

Embodiment 4 

The method of Embodiment 2, wherein the recognizing 
step comprises recognizing the mark of the one of the plural 
ity of physical notes from the visual representation. 

Embodiment 5 

The method of Embodiment 4, wherein the recognizing 
step comprises recognizing the one of the plurality of physi 
cal notes based upon the recognized mark. 

Embodiment 6 

The method of Embodiment 4, wherein the recognizing 
step comprises determining the general boundary of the one 
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of the plurality of physical notes based upon the recognized 
mark, a known shape of the one of the plurality of physical 
notes, and a known relative position of the mark on the one of 
the plurality of physical notes. 

Embodiment 7 

The method of Embodiment 2, wherein the mark com 
prises an identifier. 

Embodiment 8 

The method of Embodiment 7, wherein the identifier is a 
unique identifier. 

Embodiment 9 

The method of any one of Embodiment 1 through Embodi 
ment 8, further comprising: 

creating a digital note representative of the one of the 
plurality of physical notes; and 

updating the digital note with a status indicating the rec 
ognizable content of the corresponding physical note 
being extracted. 

Embodiment 10 

The method of any one of Embodiment 1 through Embodi 
ment 9, wherein the processing unit comprises at least one of 
a processor, a microprocessor, a microcontroller, a computer, 
and a computing device. 

Embodiment 11 

The method of any one of Embodiment 1 through Embodi 
ment 10, further comprising: 

presenting, by a presentation device, the extracted content 
to a user. 

Embodiment 12 

The method of any one of Embodiment 1 through Embodi 
ment 11, wherein the mark is made using at least one of a 
retroreflective material, an optically variable ink, a colored 
ink, infrared absorbing ink, fluorescent ink, watermark, 
glossy material, iridescent material, perforated marks, struc 
tured color, floating image, and window thread. 

Embodiment 13 

The method of Embodiment 2, wherein the mark com 
prises a symbol. 

Embodiment 14 

The method of Embodiment 13, further comprising: 
identifying the symbol from the visual representation. 

Embodiment 15 

The method of Embodiment 13, further comprising: 
identifying the symbol by the processing unit, 
authenticating, by the processing unit, the one of the plu 

rality of physical notes based on the symbol, 
wherein the extracting step comprises extract the content of 

the one of the plurality of physical notes if the one of the 
plurality of physical notes is authenticated. 
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Embodiment 16 

The method of any one of Embodiment 1 through Embodi 
ment 15, wherein the visual representation is an image or a 
video. 

Embodiment 17 

A note recognition system, comprising: 
a sensor configured to capture an visual representation of a 

Scene having a plurality of physical notes, each of the 
physical notes having a predefined boundary and recog 
nizable content thereon, 

a note recognition module coupled to the sensor, the note 
recognition module configured to receive the captured 
visual representation and determine a general boundary 
of one of the plurality of physical notes from the cap 
tured visual representation, and 

a note extraction module configured to extract the recog 
nizable content of the one of the plurality of physical 
notes from the captured visual representation based on 
the determined general boundary of the one of the plu 
rality of physical notes. 

Embodiment 18 

The note recognition system of Embodiment 17, wherein at 
least one of the plurality of physical notes comprises a mark. 

Embodiment 19 

The note recognition system of Embodiment 18, wherein 
the mark comprises at least one of a barcode, a color block, a 
color code, a pattern, a fiduciary mark, a trademark logo, a 
dot, and a hole. 

Embodiment 20 

The note recognition system of Embodiment 18, wherein 
the note recognition module is further configured to recog 
nize the mark of the one of the plurality of physical notes from 
the visual representation. 

Embodiment 21 

The note recognition system of Embodiment 20, wherein 
the note recognition module is further configured to recog 
nize the one of the plurality of physical notes based upon the 
recognized mark. 

Embodiment 22 

The note recognition system of Embodiment 20, wherein 
the note recognition module is further configured to deter 
mine the general boundary of the one of the plurality of 
physical notes based upon the recognized mark, a known 
shape of the one of the plurality of physical notes, and a 
known relative position of the mark on the one of the plurality 
of physical notes. 

Embodiment 23 

The note recognition system of Embodiment 18, wherein 
the mark comprises an identifier. 
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Embodiment 24 

The note recognition system of Embodiment 23, wherein 
the identifier is a unique identifier. 

Embodiment 25 

The note recognition system of any one of Embodiment 17 
through Embodiment 24, wherein the note extraction module 
is further configured to create a digital note representative of 
the one of the plurality of physical notes and update the digital 10 
note with a status indicating the recognizable content of the 
corresponding physical notes being extracted. 

Embodiment 26 

The note recognition system of any one of Embodiment 17 
through Embodiment 25, wherein the processing unit com 
prises at least one of a processor, a microprocessor, a micro 
controller, a computer, and a computing device. 

Embodiment 27 

The note recognition system of any one of Embodiment 17 
through Embodiment 26, further comprising: 

a note presentation module configured to present the 
extracted content to a user. 

Embodiment 28 

The note recognition system of any one of Embodiment 17 
through Embodiment 27, wherein the mark is made using at 
least one of a retroreflective material, an optically variable 
ink, a colored ink, infrared absorbing ink, fluorescent ink, 
watermark, glossy material, iridescent material, perforated 
marks, structured color, floating image, and window thread. 

Embodiment 29 

The note recognition system of Embodiment 18, wherein 
the mark comprises a symbol. 

Embodiment 30 

The note recognition system of Embodiment 29, wherein 
the note recognition module is further configured to identify 
the symbol from the visual representation. 

Embodiment 31 

The note recognition system of Embodiment 29, further 
comprising: 

a note authentication module configured to authenticate 
notes, 

wherein the note recognition module is further configured 
to identifying the symbol, 

wherein the note authentication module is further config 
ured to authenticate the one of the plurality of physical 
notes based on the symbol, and 

wherein the note extraction module is further configured to 
extract the recognizable content of the one of the plural 
ity of physical notes if the one of the plurality of physical 
notes is authenticated. 

Embodiment 32 

The note recognition system of any one of Embodiment 17 
through Embodiment 31, wherein the visual representation is 
an image or a video. 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
The present invention should not be considered limited to 

the particular examples and embodiments described above, as 
such embodiments are described in detail to facilitate expla 
nation of various aspects of the invention. Rather the present 
invention should be understood to cover all aspects of the 
invention, including various modifications, equivalent pro 
cesses, and alternative devices falling within the spirit and 
Scope of the invention as defined by the appended claims and 
their equivalents. 

What is claimed is: 
1. A method of collecting content of notes, comprising: 
capturing, by a sensor of a computing device, a visual 

representation of a scene having a first physical note and 
a second physical note, each of the physical notes com 
prising a separate physical object having a predefined 
boundary and recognizable content thereon, the first 
physical note comprising a mark; 

processing, by a processing unit of the computing device, 
image data associated with the visual representation of 
the scene to identify the mark of the first physical note 
from the visual representation; 

identifying based at least in part on the identified mark, by 
the processing unit, a predefined boundary of the first 
physical note from the visual representation; 

extracting based at least in part on the predefined boundary 
of the first physical note, by the processing unit, first 
recognizable content from within the predefined bound 
ary of the first physical note: 

associating the first recognizable content with a first digital 
note representative of the first physical note: 

identifying based at least in part on the identified mark, by 
the processing unit, a predefined boundary of the second 
physical note from the visual representation; 

extracting, by the processing unit, second recognizable 
content from within the predefined boundary of the sec 
ond physical note; 

and associating the second recognizable content with a 
second digital note representative of the respective 
physical note. 

2. The method of claim 1, wherein the identifying step 
comprises identifying the predefined boundary of the first 
physical note based upon the identified mark and a known 
shape of the first physical note. 

3. The method of claim 1, wherein the identifying step 
comprises identifying the predefined boundary of the first 
physical note based upon the identified mark and a known 
relative position of the mark on the first physical note. 

4. The method of claim 1, wherein the mark comprises at 
least one of a barcode, a color block, a color code, a color, a 
shape, a pattern, a fiduciary mark, a trademark logo, a dot, and 
a hole. 

5. The method of claim 1, wherein the mark comprises a 
symbol. 

6. The method of claim 5, further comprising: 
identifying the symbol by the processing unit; and 
authenticating, by the processing unit, based on the sym 

bol. 
7. The method of claim 1, wherein the computing device 

comprises a mobile computing device. 
8. A note recognition device, comprising: 
a computing device, 
a sensor configured to capture a visual representation of a 

Scene having a first physical note and a second physical 
note, each of the physical notes having a predefined 
boundary and recognizable content thereon, the first 
physical note comprising a mark, 



US 9,378.426 B2 
17 

a note recognition module implemented on the computing 
device and coupled to the sensor, the note recognition 
module configured to process the captured visual repre 
sentation, identify the mark of the first physical note 
from the captured visual representation, and identify, 
based at least in part on the identified mark, a predefined 
boundary of the first physical note from the visual rep 
resentation, and 

a note extraction module implemented on the computing 
device and configured to extract first recognizable con 
tent of the first physical note from the captured visual 
representation from within the predefined boundary of 
the first physical note. 

9. The note recognition device of claim 8, wherein the note 
recognition module is further configured to identify the pre 
defined boundary of the first physical note based upon the 
identified mark and a known shape of the first physical note. 

10. The note recognition device of claim 8, wherein the 
note recognition module is further configured to identify the 
predefined boundary of the first physical note based upon the 
identified mark and a known relative position of the mark on 
the first physical note. 
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11. The note recognition device of claim 8, wherein the 

mark comprises at least one of a barcode, a color block, a 
color code, a color, a shape, a pattern, a fiduciary mark, a 
trademark logo, a dot, and a hole. 

12. The note recognition device of claim 7, wherein the 
mark comprises a symbol. 

13. The note recognition device of claim 12, wherein the 
note recognition module is further configured to identify the 
symbol. 

14. The note recognition device of claim 13, further com 
prising: 

a note authentication module implemented on the comput 
ing device and configured to authenticate the first physi 
cal note based on the symbol. 

15. The note recognition device of claim 14, 
wherein the note extraction module is further configured to 

extract the first recognizable content if the first physical 
note is authenticated. 

16. The note recognition device of claim 8, wherein the 
note recognition device comprises a mobile computing 
device. 


